1. Introduction

An investigation of soot formation within freely-propagating laminar premixed flames is
described. The findings of the research are relevant to several problems of society, as follows:
the particulate soot pollutant emissions from flames, the radiant heat loads from combustion
processes, the hazards of terrestrial and spacecraft fires, and the practical development of
methods of computational combustion. The research was carried out in two phases, as follows:
(1) study of soot formation in freely-propagating laminar premixed flames, and (2) study of the
optical properties of soot needed to develop nonintrusive optical ways of finding soot structure
within freely-propagating laminar premixed flames.

It is widely recognized that soot processes in flames are a major unresolved problem of
combustion science. This observation has motivated numerous studies of the physical, optical
and reactive properties of soot during combustion processes. This research has also disclosed
some problems concerning studies of soot formation in burner-stabilized laminar premixed

flames that frequently have been used for measurements of soot phenomena, as follows: (1)
flame structure is sensitive to minor burner construction details so that laboratory-to-laboratory

reproducibility is not very good, (2) consistent burner behavior over the lengthy test programs
needed to define soot formation properties are hard to achieve due to poorly understood effects
of burner aging, (3) it is difficult to accurately define near burner flame properties due to the
intrusion of the flame holder, (4) it is difficult to quantify conductive, convective and radiative
heat losses to the burner that are needed to define flame temperature properties, (5) it is difficult
to define flow velocities near the burner where the flow is multidimensional and velocities
change rapidly with streamwise distance due to effects of buoyancy, and (6) it is difficult to carry
out fundamental numerical simulations of premixed flame properties due to the multidimensional
effects and the complex geometries of flame holders (e.g., porous plates). These problems can
largely be avoided, however, by studying freely-propagating laminar premixed flames at
conditions where the flames have stable and smooth spherical flame surfaces as they propagate.
The feasibility of experiments along these lines to study processes of soot formation is
considered in the first part of the present study.

A key measurement needed to find soot surface growth rates and surface areas for soot
surface reactions in flames is soot structure. Recent studies in flames generally have used
thermophoretic sampling and analysis by transmission electron microscopy (TEM) to find soot
structure. This approach is not very effective for freely-propagating premixed flames, however,
because the process of soot formation is never stationary at any point within such flames. A
rational alternative approach is to measure soot structure optically using nonintrusive laser
scattering and absorption techniques. Recent work in this area has disclosed that past
nonintrusive optical measurements adopted questionable soot optical property theories and new



methods must be devised. Thus, developing new nonintrusive optical methods to find soot
structure properties is considered in the second part of the present study.

The following description of the research is relatively brief. Additional details can be
found in the archival publications, the papers, the conference proceedings and the theses
resulting from the investigation that are summarized in Table 1. This table also provides a
summary of invited and contributed oral presentations of the research results, honors and awards
obtained during the grant period and the individuals who participated in the investigation.
Finally, for convenience, several articles resulting from the research are reproduced in
Appendices A-L.

The laminar premixed flame and soot optical property phases of the present investigation
are considered in turn in the following. The discussion of each phase stands alone and has its
own conclusions; therefore, each phase can be read independently if desired.
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